For existing bridges, proof load testing can be a suitable assessment method. This paper 7 addresses the evaluation of a posted reinforced concrete slab bridge over the highway through 8 proof load testing, detailing the preparation, execution and analysis of the test. As the target 9 proof load and the required measurements for proof load testing currently are not well-defined in 10 the existing codes, this pilot case is used to develop and evaluate proposed recommendations for 11 proof load testing for a future guideline on proof load testing for the Netherlands. Moreover, the 12 pilot proof load test is used to study the feasibility of proof load testing for both shear and 13 flexure. 14 15 CE database subject headings 16 assessment; bridge maintenance; bridge tests; concrete slabs; field tests; flexural strength; shear 17 strength 18 19
Introduction 20
Load testing is the non-destructive field testing of bridges (Cochet et Zwicky and Brühwiler 2015), a load is applied that demonstrates that the bridge can carry the 35 loads prescribed by the code satisfactorily, or that higher or lower load levels can be carried by 36 the bridge. Whether the bridge behavior is satisfactory is typically expressed based on 37 "acceptance criteria" or "stop criteria". These criteria, based on, among others, deflections, crack 38 widths and strains, identify the acceptable limits of the bridge's structural response. If these 39 limits are exceeded during a proof load test, and higher loads are applied, there is a risk for 40 irreversible damage to the structure. If a stop criterion is exceeded, further loading is not 41 permitted. The conclusion of the proof load test is then that the bridge satisfies a lower load level 42
Description of viaduct De Beek 154

Restrictions on viaduct De Beek 155
Viaduct De Beek, a reinforced concrete slab bridge, see In the width direction, a curb with a height of 200 mm is available at the edge. The layer of 172 asphalt is measured to be between 50 mm and 75 mm. 173
Material properties of viaduct De Beek 174
Nine cores were drilled from the slab to determine the concrete properties. The 175 characteristic concrete compressive strength f ck equals 44.5 MPa and the concrete tensile splitting 176 strength f ctm = 4.4 MPa. The design concrete compressive strength is thus f cd = 30 MPa. 177
Three samples of the steel were taken, from which it was concluded that steel QR 24 was 178 used. QR 22 and QR 24 are types of plain reinforcement that were used in the Netherlands 179 during the 1950s and 1960s. The measured average yield strength f ym = 291 MPa and the tensile 180 strength f tm = 420 MPa. The design yield strength can be taking as f yd = 252 MPa. The 181 reinforcement drawing is given in Fig. 3 . The main flexural reinforcement in the longitudinal 182 direction in span 1 consists of 6 layers of ϕ 25 mm with a 560 mm spacing, so that the 183 reinforcement is A s = 5259 mm 2 /m. 184
Determination of target proof load 185
Practical application of the target proof load 186
As mentioned previously, the live load model that is used for assessment of existing 187 bridges in Europe does not allow for a direct translation to a certain type of truck, unlike in North 188
America. Whereas in North America heavy dump trucks, special vehicles, and/or military 189 vehicles can be used for proof load tests, in Europe only the BELFA vehicle from Germany 190 (Bretschneider et al. 2012 used to determine the proof load are given in Table 2 . Note that here the load factor of the self-224 weight, γ sw = 1.10 for all safety levels (except the serviceability limit state). The reason why a 225 lower load factor for the self-weight is used is that, because the calculations involve an existing 226 structure, the dimensions of the structure are not a random variable anymore, but can be 227 considered deterministic (i.e., the actual dimensions of the structure). Only the model factor proof load at the different safety levels is given in Table 3 . 271
Resulting loading protocol 272
The load is applied with four hydraulic jacks and a load spreader beam, see it allows for checking the stop criteria after each cycle, and linearity. In the bending moment test, 277 the following loading steps, referring to the load levels from Table 1 and Table 2, The applied maximum load at the jacks was 1699 kN. Adding the weight of the setup, results in 286 the maximum total applied load of 1751 kN, which is 6% above the calculated Eurocode 287
Ultimate Limit State level. The additional percentage takes into account local material 288 variability, and can be considered as a model factor for a proof load test. 289
In the shear test, the following load levels ( criteria depend on the loading protocol, which can be monotonic or cyclic. As the loading 306 protocol for viaduct De Beek is cyclic, the focus here will be on the cyclic loading protocol. The 307 cyclic loading protocol of ACI 437.2M-13 consists of three load levels with two cycles per load 308 level. The first load level is the serviceability load level, and the final load level corresponds to 309 the target proof load. In ACI 437.2M-13, the stop criteria are defined as acceptance criteria -310 criteria that need to be fulfilled for the acceptance of the structure after the proof load test. The 311 first acceptance criterion is that the structure should show no evidence of failure. 
322
The final acceptance criterion is related to the residual deflection Δ r , measured at least 24 hours 323 after removal of the load. This value has to be smaller than or equal to 25% of the maximum 324 deflection or 1/180 of the span length. 325
The second set of stop criteria comes from the German guideline for load testing 326 The position of the sensors is given in Fig. 7 . 359
Measurements of viaduct de Beek 360
Some interesting measurements and post-processing results of the bending moment test 361 are shown in Fig. 8 . The first result that is studied is the load-deflection diagram, of which the 362 envelope is given in Fig. 8a . The maximum deflection during the proof load test was 11 mm. 363
From the results of the load-deflection diagram, the reduction of the slope over the applied load 364 cycles can be studied, see Fig. 8c . A 25% reduction of the slope is indicated in Fig. 8c with a red  365 line. It can be seen that during none of the load cycles this limit, which was proposed as a 366 possible stop criterion based on beam tests in the laboratory (Lantsoght et al. ( in press)), is 367 exceeded. 368
Another element of post-processing is the determination of the deflection profiles in the 369 longitudinal and transverse directions. The longitudinal deflection profile is given in Fig. 8d,  370 from which it can be observed that the increases in deflection increase linearly with the load. The 371 supporting calculations can be found in the background report (Koekkoek et al. 2016) . 372
The measurements of the deflections and strains can be compared to the results of the 373 linear finite element program. This comparison indicated that the stiffness of uncracked concrete, 374 32.9 GPa can be used for the finite element model. However, it must be noted that in the 375 simplified finite element model possible additional sources of stiffness (Barker 2001), such as 376 the effect of curbs and railings and the bearing restraint stiffness of aged bearings, were not taken 377 into account. The strain measurements showed good correspondence between the steel and 378 concrete strains. The calculated strains also corresponded reasonably well with the measured 379 strains, see Fig. 8b . 380
For the shear position test, the most important measurements and post-processing results 381 are shown in Fig. 9 . The first result that is studied is the load-deflection diagram, of which the 382 envelope is given in Fig. 9a . The maximum deflection during the proof load test was 7 mm. The 383 reduction of the slope over the applied load cycles is shown in Fig. 9c . During none of the load 384 cycles the limit of maximum 25% reduction of the slope is exceeded. The longitudinal deflection 385 profile is given in Fig. 9d , from which it can be seen that under the applied loads the behavior 386 was linear. 387
The measurements of the deflections and strains can be compared to the results of the 388 linear finite element program. From the deflection results, it was concluded again that a stiffness 389 of uncracked concrete, 32.9 GPa can be used, see Fig. 9b . 390
Evaluation of stop criteria 391
In this section, the existing stop criteria that are developed for buildings for flexure are 392 evaluated. The residual deformation after the test was determined. In the bending moment test 393 the ratio of the residual to maximum deflection was 15%, which does not fulfil the stop criterion 394 of the German guideline but fulfills the acceptance criterion of ACI 437.2M-13. In the shear testthe ratio of the residual to maximum deflection was 8%, which is below the limit of the German 396 guideline and ACI 437.M-13. 397
The stop criteria for the strains from Eq. (7) and (8) must be verified. The strain caused 398 by the self-weight of the concrete and the layer of asphalt is ε c0 = 163 με. The limiting strain ε c,lim 399 = 800 με, so that the measured strain should be smaller than 637 με. This maximum is exceeded 400 in the experiment, in the loading step leading up to the target load level, as can be seen in Fig.  401 8b. The stop criterion was exceeded at 97% of the target load. Loading to a higher load level than 402 the target load level could have resulted in permanent damage to the structure. The limiting steel 403 strain leads to a maximum strain of 857 με, which is not exceeded during the experiment. The 404 stop criteria with regard to concrete and steel strains are not exceeded during the shear 405 experiment. This observation is not surprising, since the shear position activates less flexural 406 response. 407
The maximum measured opening of an existing crack during the bending test was 0.12 408 mm, after which the residual crack width was 0.03 mm. It is assumed that crack widths smaller 409 than 0.05 mm can be neglected. The conclusion is then that the studied crack fully closed after 410 the maximum load, and that no permanent damage was inflicted on the structure by the proof 411 load test. The maximum measured opening of an existing crack was 0.11 mm during the shear 412 test, after which the residual crack width was 0.01 mm. The studied crack fully closed after the 413 maximum load. 414
Assessment of viaduct De Beek 415
Assessment of the tested span 416
All assessments for viaduct De Beek are carried out based on the original two lanes of 417 traffic, to see if the current traffic restrictions (Fig. 1b) 
Viaduct de Beek 464
Based on the presented analyses, it was recommended to check the reinforcement in span 465 2 with a scanner or by removing the concrete cover locally to verify the spacing between bars. 466
The reinforcement layout presented in the plans is unexpected, since the longer middle spans are 467 provided with less reinforcement. The acting bending moment for the RBK Usage level in span 1 468 is 463 kNm/m and in span 2 422 kNm/m. The reduction of the span moment due to the support 469 moment is thus rather limited in the second span. It is also recommended to carry out an 470 additional inspection of the cracks in span 2, and to carefully check for signs of corrosion, which 471 would further reduce the flexural capacity. If the condition of span 2 is considered satisfactory in 472 terms of present corrosion, the current traffic restriction can be removed, provided that plastic 473 redistribution is allowed. 474
Lessons learned for proof load testing 475
The pilot proof load test shows that proof load testing can be carried out at flexure-and 476 shear-critical positions. The determination of the target proof load is currently carried out based 477 on equivalent sectional moments and shears. The presented method which uses a single proof 478 load tandem is valid for bridges of small width. 479
The analysis of the stop criteria shows that the concrete strain criterion of the German 480 guideline is suitable for the combination with proof load tests for flexure and shear. The criterion 481 for the steel strains cannot always be used, as not all bridge owners allow for the removal of the 482 concrete cover. The crack width criterion is useful, provided that cracks of less than 0.05 mm are 483 neglected. The residual deflection of 10% is rather conservative; the value of 25% from ACI 484 437.2M-13 could be more suitable. The other stop criteria from ACI 437.2M-13 could not be 485 evaluated, as these are directly associated with the loading protocol of ACI 437.2M-13, which 486 was not the same as the loading protocol used for viaduct De Beek. Stop criteria to evaluate 487 possible shear failure still need to be developed. 488
Summary and Conclusions 489
The viaduct De Beek is a reinforced concrete slab bridge with a traffic restriction that 490 reduces the use of the viaduct from one lane in each direction to a single lane, as the bending 491 moment capacity was found to be insufficient for the prescribed loads. The bridge was evaluated 492 in a pilot proof load test, which also served to study if proof load testing for shear is possible, 493
and if the existing stop criteria derived for buildings can be used in proof load tests for bridges. 494
As the stop criteria are a topic of research, a large number of sensors were applied on the viaduct 495 to closely monitor the structural response during the test. 496
A proof load test was carried out at a flexure-and shear critical position in the first span 497 of the viaduct. For both tests, the target proof load was achieved. The analysis of the 498 measurements showed that the structural response remained sufficiently close to the linear 499 behavior. However, some stop criteria from the German guideline were exceeded, which 500
indicates that further loading of the structure could have resulted in permanent damage to the 501 structure. Further research should focus on the development of stop criteria for shear. 502
The assessment with the Unity Checks showed that the capacity of span 1 is sufficient, 503
and was proven to be sufficient in the proof load tests, but the capacity of span 2 cannot directly 504 be proven to be sufficient. In an additional analysis, plastic redistribution was allowed. It was 505 found that if 6.7% of plastic redistribution is allowed to take place, the Unity Checks at the 506 support and in the midspan cross-section of span 2 can fulfill the requirements, provided that a 507 reduction of the durability is accepted. 508
Notation List 509
The following symbols are used in this paper: 510 analytically determined short-term strain in the concrete caused by the permanent 553 loads that are acting on the structure before the application of the proof load 554 
